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cellular stimuli. ROS oxidation of speciﬁc cysteine (cys) residues
within signaling proteins, resulting in the formation of cys sulfenic
acids, is a common mechanism in various redox-sensitive sig-
naling pathways. In determining the role of ROS in cartilage
degradation, we have previously shown the 110kD ﬁbronectin
fragment (FN-f) stimulated α5β1 integrin requires ROS for the
activation of its signaling pathway and downstream MMP-13 ex-
pression. Furthermore, we have preliminary evidence that cys
sulfenic acid formation is required for FN-f stimulated MMP-13
expression in chondrocytes and that JNK2 is a candidate for
forming cys sulfenic acid in response to FN-f. The objective
of the current study was to identify the sulfenic acid-forming
cysteine residue(s) of JNK2.
Methods: An analytical method called active site proﬁling was
used to determine whether any of the 10 cys residues within
JNK2 were likely candidates for redox regulation. Active site
proﬁles for each of the cys residues in JNK2 were made us-
ing known redox regulated proteins, including peroxiredoxin and
glutaredoxin. To identify the speciﬁc cys residue forming cys
sulfenic acid, a reagent called DCP-biotin, which reacts speciﬁ-
cally and irreversibly with sulfenic acids, was used to label any
oxidized cysteines within JNK2 for identiﬁcation by mass spec-
trometry. After an incubation with DCP-biotin and 2µM H2O2,
puriﬁed recombinant JNK2 was subjected to SDS-PAGE elec-
trophoresis and digested in-gel with trypsin. The JNK2 tryptic
peptides were then analyzed by nanoLC-MS/MS on a Thermo
LTQ mass spectrometer. To investigate whether the formation of
the JNK2 sulfenic acid might result in disulﬁde bond formation
and dimerization, puriﬁed recombinant JNK2 was incubated with
DCP-biotin alone, with 2µM H2O2, or with 20µM H2O2, and run
on a non-reducing gel for immunoblotting with total JNK Ab and
streptavidin-HRP.
Results: The active site proﬁling method identiﬁed Cys79 and
Cys222 in JNK2 as potential sites for redox regulation. Mass
spectrometry analysis of JNK2 treated with H2O2 and DCP-biotin
identiﬁed Cys222 as the only cys labeled with DCP-biotin. Unlike
the other 9 cysteine residues, the mass of Cys222 was increased
by 395.5 (the mass of DCP-biotin) indicating the presence of a
sulfenic acid. When JNK2 was run on a non-reducing gel, higher
molecular weight bands were observed at 110kD, suggesting
JNK2 dimers may form through disulﬁde bonds after sulfenic
acid formation.
Conclusions: These results have demonstrated for the ﬁrst time
that increased levels of ROS lead to the direct oxidation of JNK2
at Cys222 to form a sulfenic acid. This implicates that JNK2
acts as a redox-sensitive signaling mediator for the α5β1 inte-
grin pathway and thereby contributes to the ROS regulation of
chondrocyte MMP-13 production. Further investigation of JNK2
and other redox-sensitive signaling intermediates which regulate
MMP production could aid in the identiﬁcation of potential ther-
apeutic targets that can slow or stop cartilage degradation in
arthritis patients.
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Purpose: Damage to articular cartilage leads to an incomplete
healing response. This has elicited interest in improving the un-
derstanding of chondrocyte biology and ﬁnding ways to stimulate
a more effective repair response. Neuropeptides play a role in
the proliferative and reparative processes of many tissue types,
but little is known about their effects on articular cartilage. This
study aims to investigate the effect of four neuropeptides on
articular chondrocytes.
Methods: Bovine chondrocytes were cultivated in monolayer
culture in media alone or media containing one of four neu-
ropeptides: neuropeptide Y (NPY), calcitonin gene-related pep-
tide (CGRP), substance P (SP), or vasoactive intestinal peptide
(VIP). Available cartilage from the articular surface of the femoral
trochlea, femoral condyles, and patella of freshly slaughtered
veal (n=8) was enzymatically digested overnight in Dulbeco’s
Modiﬁed Eagles Media (DMEM) containing 0.5 mg/mL of both
hyaluronidase and collagenase. These chondrocytes were then
plated at 1x10 5 cells/mL in DMEM complete media with 5%
FCS and Pen/Strep. Cells were plated using 100 uL of the cell
suspension in a 96 well tissue culture plate with 6 replicates for
proliferation analysis. After 24 hour incubation, media was ex-
changed with new DMEM complete media with the appropriate
treatment. The treatment groups consisted of a control (media
only), a positive control (media + 100 ng/mL IGF-1) and the
treatment group (media with neuropeptide). Treatments included
three concentrations of each neuropeptide. The SP concentra-
tions were 5, 50, and 500 ug/mL, the CGRP concentrations were
10, 100, and 1000 ng/mL, and the NPY concentrations were
0.05, 0.5, and 5 ug/mL. Finally, the VIP concentrations were 100,
1000, and 10,000 ng/mL. Media was exchanged every two days
with new DMEM plus treatment. The cultures were carried out
to day 8. Proliferation assays, assessed with the Promega Cell
Titer Glo luminescence assay, were run every two days. Analysis
was performed using a split-plot ANOVA and pairwise t-tests.
Results: Substance P showed a statistically signiﬁcant stimu-
latory effect on chondrocyte proliferation that was greatest at a
concentration of 5 µg/ml (see ﬁgure 1). VIP and NPY showed a
Figure 1. Effect of SP on Articular Chondrocyte Proliferation. SP showed a stim-
ulatory effect on proliferation on all days.
Figure 2. Effect of VIP on Articular Chondrocyte Proliferation. VIP showed a
dose dependent suppressive effect on proliferation.
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Figure 3. Effect of NPY on Articular Chondrocyte Proliferation. NPY showed a
dose dependent suppressive effect on proliferation.
dose dependent suppressive effect on chondrocyte proliferation
that was greatest at their highest concentrations and was signif-
icant at all time points (see ﬁgures 2 and 3). CGRP showed no
signiﬁcant effect on proliferation or proteoglycan production.
Conclusions: Substance P showed a reliable stimulation of
chondrocyte proliferation while NPY and VIP showed dose-
dependent depressive effects. These ﬁndings support the idea
that the peripheral nervous system, through neuropeptides, ex-
erts direct inﬂuence on articular chondrocytes. This may provide
some insight into the pathophysiology of inﬂammatory and de-
generative arthritis and provide targets for modifying the repair
response of articular cartilage.
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Purpose: Mechanical loading or growth factor is a key factor to
regulate phenotypic changes of chondrocytes. Our major interest
is focused on whether the de-differentiated chondrocytes yet re-
tain abilities to re-differentiate back into the healthy chondrocytes.
We investigated the inﬂuence of either mechanical loading alone
or mechanical loading with growth factor on the de-differentiated
chondrocytes embedded in three dimensional (3D) scaffold.
Methods: Freshly isolated chondrocytes from rat articular car-
tilage were cultured in monolayer. On reaching conﬂuence, the
cells were embedded in type I collagen gel. The cell-seeded
scaffold was cultured under either mechanical loading alone or
mechanical loading with growth factor for 1 week. The mechan-
ical loading was a cyclic compression at 5% compression, 0.33
Hz. Four different duration of the mechanical stress was loaded:
0, 10, 60, or 120 min/day. The cells were subjected to one load-
ing session per day for 1 week every day. Growth factor was
applied concomitantly to the cells under mechanical loading. The
serum-free medium served as negative control, and the sup-
plemented growth factor was either 100 ng/ml basic ﬁbroblast
growth factor (bFGF) or 100 ng/ml bone morphogenetic protein-
2 (BMP-2). Real-time PCR was performed for aggrecan, type
II collagen, type I collagen, and GAPDH, house keeping gene,
as an internal control. Statistical differences among groups were
determined by one-factor analysis of variance (ANOVA) with Bon-
ferroni/Dunn post hoc tests. P values < 0.05 were considered
signiﬁcant.
Results: In a good accordance with our hypothesis, mechanical
loading clearly stimulated de-differentiated chondrocytes. Under
mechanical loading without serum or growth factor, aggrecan
expression was signiﬁcantly (P = 0.010) up-regulated in 60
min/day loading as compared with 0 and 120 min/day. Moreover,
type II collagen expression was signiﬁcantly (P < 0.01) up-
regulated in 60 min/day loading compared with 0 and 10 min/day.
Type I collagen expression was signiﬁcantly (P < 0.01) down-
regulated in 10, 60, and 120 min/day loading as compared with
0 min/day. On the other hand, growth factor application did not
further augment the re-activation of the mechanically loaded
chondrocytes. Application of bFGF (P = 0.014) or BMP-2 (P =
0.0042) clearly decreased the aggrecan expression of the serum-
free, mechanically loaded control. Type II collagen expression
was also signiﬁcantly down-regulated in the presence of BMP-2
(P = 0.0008) or bFGF (P = 0.027) compared with the control. The
type I collagen expression, as an indicator of de-differentiation,
was also studied in the presence of bFGF or BMP-2. Application
of BMP-2 signiﬁcantly decreased the aggrecan expression of the
serum-free, mechanically loaded control. However, application
of bFGF could not decrease the aggrecan expression of the
serum-free, mechanically loaded control cells. Taken together,
the present study demonstrated that a combination of mechanical
loading and growth factor could not augment re-activation of de-
differentiated chondrocytes.
Conclusions: In summary, healthy, freshly-isolated chondro-
cytes rapidly de-differentiated due to multiplying in monolayer
culture. To our expectations, cyclic compressive loading clearly
re-activated the de-differentiated chondrocytes in 3D scaffold, but
growth factors prevented mechanical loading from re-activating
the de-differentiated chondrocytes. This study mainly provides
that the cyclic compressive loading can play a key role in re-
activation of the de-differentiated chondrocytes in 3D scaffold.
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Purpose: Chondrocyte apoptosis plays an important role in car-
tilage degeneration of osteoarthritis (OA), and the mechanical
injury to explants of cartilage introduce chondrocyte apoptosis.
In response to DNA damage, p53 expression is upregulated and
was increased transcriptional activity. Then, the cell-cycle ar-
rested or started apoptosis signal. We speculated that p53 might
play an important role for the apoptosis of articular cartilage. In
this study, we investigated p53 expression in OA cartilage and
analyzed the function of p53 in chondrocyte apoptosis by shear
stress.
Methods: Cartilage tissues were obtained during joint surgery.
Chondrocytes were isolated from human cartilage tissues and
cultured. The expression and localization of p53 in OA cartilage
were detected by immunohistochemistry. The expression of p53
in OA and normal chondrocytes were analyzed by RT-PCR and
western blotting. Shear stresses were introduced to NHAC-kn
cells (human normal chondrocyte). Shear stresses were enforced
2, 5, and 10% elongation for 6 hours (0.25Hz), and for 2, 6, and
12hours with 10% elongation (0.25Hz). After induction of shear
stress with or without incubation of piﬁthrin-alfa (a p53 speciﬁc
inhibitor), chondrocytes apoptosis were detected by western
blotting and TUNEL staining. Expression levels of p53, p53AIP1
(p53-regulated apoptosis-inducing protein 1), caspase-9, and
caspase-3 were analyzed by western blotting.
Results: Immunohistochemistry demonstrated that p53 was ex-
pressed in OA cartilage. RT-PCR and western blotting revealed
